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Abstract We analyze the effects of hyperfine mixing in b — *■ c semileptonic decays of doubly heavy baryons. 
We qualitatively confirm the results by W. Roberts and M. Pervin in Int. J. Mod. Phys. A, 2009, 24: 2401- 
2413, finding that mixing has a great impact on those transitions. However, predictions without mixing differ 
by a factor of 2 and this discrepancy translates to the mixed case where large differences in decay widths are 
observed between the two calculations. 
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1 Introduction 

According to heavy quark spin symmetry, in the 
infinite heavy quark mass limit, one can select the to- 
tal spin (S h ) of the heavy quark subsystem of a dou- 



bly heavy baryon to be well defined^. This result 
has been used as a basis for the usual classification 
scheme of doubly heavy baryons. In Table Q] we list 
the ground state doubly heavy baryons with quantum 
numbers J n = -| + , | + that are included in this study. 



Table 1. Quantum numbers and quark content of doubly heavy baryons 
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Hyperfine interaction between the light and any of 
the heavy quarks can admix components with both 
Sh = and Sh = 1 in the wave function. The mixing 
should be very small in the bb and cc sectors as it 
will imply higher radial excitations or larger angular 
momentum. However, mixing could be particularly 
important for baryons with be heavy quark content 
where one expects the actual physical 5 (CI) states to 
be admixtures of the S 6c , S£ c (Q bc , d' bc ) ones given in 



Table [TJ This mixing gives rise to small changes in 
the masses but, as suggested in Ref.^, it could have a 
great impact on the widths of decays involving those 
states. This has been investigated in Ref.^ using har- 
monic oscillator wave functions as an expanding basis. 
Here we shall try to confirm their findings using our 
variational wave functions described in Ref. ' 4 ' and 
obtained with the use of the AL1 potential of Ref.' 5 '. 
All the details on the calculations can be found in 
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Ref. ^ and references therein. 
2 Results and discussion 

2.1 Masses for unmixed states 

Our results for the masses are given in Table 
[2] We compare them with the results obtained in 
Ref.^ using a relativistic quark model that assumes 
a light quark-heavy diquark structure, and in the 
above mentioned Ref.' 2 J where they use a nonrela- 
tivistic approach with harmonic oscillator wave func- 



tions. The agreement with the calculation in Ref.^ is 
very good for S baryons whereas for Q baryons their 
masses are some 50 ~ 90 MeV larger. The masses 
obtained in Ref.' 2 ^ are always larger than ours by 
50- 180 MeV. On the experimental side the SELEX 
Collaboration claimed evidence for the S+ baryon, in 
the A+if~7r + and pD + K~ decay modes, with a mass 
of M B + = 3519±1 MeV/c 2 [81 , a 100 MeV smaller than 
most theoretical predictions. No other experimental 
collaboration has found evidence for doubly charmed 
baryons so far and, at present, the H+ has only a one 
star status. 



Table 2. Masses (in MeV) for unmixed states 
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2.2 Decay widths for unmixed states 



Our model to evaluate b — > c semileptonic decays 
of doubly heavy baryons is described in Ref.^. We 
use a spectator approximation in which any of the b 
quarks in the initial state can decay into any of the 
c quarks in the final state. This, together with the 
right normalization for baryon states containing two 
equal heavy quarks, gives an extra factor y/2 in the 
transition amplitude when compared to the similar 
6— ► c decay in baryons with just one heavy quark. 

The results that we obtain are shown in Tabled 
where for comparison we also show the results in 
Refs.^'^J, obtained within different relativistic ap- 
proaches, and in the nonrelativistic calculation of 
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Ref.™. Our results are in a global fair agreement 
with the ones in Ref.^. As for the other relativis- 
tic calculation in Ref.^J, the agreement is fair for 
transitions with a be baryon in the initial state but 
there is an approximate factor of 2 discrepancy for 
transitions with a be baryon in the final state. The 
nonrelativistic calculation in Ref.^ also gives results 
that are roughly a factor of 2 smaller than ours for all 
decays. A very interesting feature of the decay widths 
shown in Table [3] is that they are very different for 
transitions involving S 6c or S bc (Qbc or O,' bo ). This 
means, as suggested in Ref.^, that mixing in those 
states, provided the admixture coefficients are large, 
can have a great impact on the decay widths. 



Table 3. Semileptonic decay widths (in 10 14 GeV) for unmixed states. We use \V cb \ =0.0413. l — e,/j, 
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2.3 Results with mixing 

We obtain the mixed be states by diagonalization 
of the corresponding mass matrices. In our calcula- 
tion the mixed states and masses are given by 
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(1) 



By comparison to the unmixed results shown in Ta- 
ble we see the masses change but very little when 



mixing is taken in to account. However, as shown in 
Eq-CEJ), the admixture is important and it can affect 
the decay widths. 

Note that these mixed states are close to the states 
(in the what follows B = S, O) 

* (\qc; 1) ® \b; ±)) ' % = ^-B' c + l -B bc , 
Bl 2 Jn(\qc-,0)®\b-±)y ^ ^- l -B' bc + ^-B bc , (2) 

in which the light and the c quark couple to well de- 
fined spin 1 or 0. 



Table 4. Semileptonic decay widths (in 10 14 GeV) for mixed states. We use \V cb \ =0.0413. l = e,fi 
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The new decay widths involving the mixed states 
" hi j " t.^ an< i ^ bf i ^ fl are now given in Table |U 
We see rather big changes from the values in Ta- 
ble [3] where unmixed states were used. Special at- 
tention deserves the Bj® — ► B* cc transitions where the 
width reduces by a large factor of 44 (54) for the 
Sj, 2 ? — > S* c (fl b 2 c } — > f2*J decay compared to the un- 
mixed case. This can be easily understood by tak- 
ing into account that B^ w (|gc;0) ® |6; |)) J_1/2 . In 
the latter state the light and c quarks are coupled to 
spin 0, whereas in the B* c the light and any of the 
c quarks are in a relative spin 1 state. In any spec- 
tator calculation, as the ones here and in Ref.^, the 
amplitude for the (\qc;0) ® |6; |)) '' 1/2 — > i?* c transi- 
tion cancels due to the orthogonality of the differ- 
ent spin states of the spectator quarks in the initial 
and final baryons. The fact that B^J slightly de- 
viates from(|<7c;0) ® \b; |)) J ~ 1/2 produces a non zero, 
but small, decay width. 

3 Conclusions 

We qualitatively confirm the findings in Rcf.'' 5 ' 
as to the relevance of hyperfine mixing in b — > c 
semileptonic decays of doubly heavy baryons. On the 
other hand the absolute predictions are quite differ- 



ent. This is a reflection of the approximate factor of 
2 difference we already found in Table [3] for unmixed 
states. 

C. A. acknowledges a contract supported by PIE- 
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